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Detailed Rapidity Dependence of J/ψ Production at energies available at the Large
Hadron Collider
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Department of Physics, Tianjin University, Tianjin 300350, China
(Dated: September 6, 2018)
J/ψ suppression with rapidity is studied with both (3+1) dimensional transport equation and
hydrodynamics in details at
√
sNN = 2.76 TeV Pb+Pb collisions. In central rapidity region of the
hot medium, J/ψ nuclear modification factor shows weak rapidity dependence due to the boost
invariance of the medium. But in forward rapidity region for entire transverse momentum bin, J/ψ
regeneration is strongly suppressed due to the decreasing charm pair cross section. This makes
J/ψ RAA(y) decrease with rapidity. The ratio rAA of mean transverse momentum square in AA
collisions to that in pp collisions increases strongly in forward rapidity region and is more sensitive
to the J/ψ production mechanisms.
PACS numbers: 25.75.-q, 12.38.Mh, 24.85.+p
I. INTRODUCTION
J/ψ is a tightly bound state consisting of charm
and anti-charm quarks. Its dissociation temperature is
much higher than the critical temperature Tc of the de-
confined phase transition. Therefore, J/ψ suppression
has long been considered as a signature of the new state
matter, the so-called Quark-Gluon-Plasma(QGP) [1].
Since then the production and suppression mechanisms
of charmonium in QGP are widely studied [2–5]. The
suppression from color screening of parton is supposed
to be stronger with the temperature increasing. How-
ever, from the Au+Au data at the top colliding energy√
sNN= 200 GeV of Relativistic Heavy Ion Collider
(RHIC) [6], it seems that J/ψ suffer less suppression
in central rapidity region than in the forward rapidity
region of the hot medium, where the former one cor-
responds to a much higher temperature than the lat-
ter one [7–9]. This feature is much stronger at Large
Hadron Collider (LHC). Even shadowing effect shows
a strong rapidity dependence in pA collisions [10], it’s
almost rapidity independent in AA collisions [11]. And
J/ψ regeneration [12] seems to be responsible for the
rapidity dependence of J/ψ nuclear modification factor
RAA(y). In this work, I combine both (3+1) dimen-
sional Boltzmann type transport equation for charmo-
nium evolution and (3+1) dimensional ideal hydrody-
namics together, to describe detailed rapidity depen-
dence of charmonium suppression, especially in the for-
ward rapidity region at
√
sNN = 2.76 TeV Pb+Pb col-
lisions.
In Section II, I introduce the transport model for
charmonium suppression and regeneration in QGP. In
Section III, I give detailed discussions about charmo-
nium initial distribution and cold nuclear matter effects
including shadowing effect and Cronin effect. I com-
pare the theoretical calculations with the experimental
data, and discuss the different rapidity dependence of
parameters in the transport model in Section IV, and
summarize the work in Section V.
II. TRANSPORT MODEL
As charmonium is so heavy to be thermalized in the
deconfined matter, I use a Boltzmann-type transport
equation to describe the evolution of their phase space
distribution fΨ(p,x, t|b) [13, 14],[
cosh(y − η)
∂
∂τ
+
sinh(y − η)
τ
∂
∂η
+ vT · ∇T
]
fΨ = −αΨfΨ+βΨ
(1)
where Ψ = (J/ψ, χc, ψ
′). The contributions from
the feed-down of excited states χc and ψ
′ to the fi-
nal prompt J/ψ are 30% and 10% respectively. τ =√
t2 − z2 is local proper time, and y = 12 ln[(E +
pz)/(E−pz)] and η = 12 ln[(t+z)/(t−z)] are rapidities
in momentum and coordinate spaces. ∇T indicates two
dimensional derivative in transverse coordinate space.
b is the impact parameter of two colliding nuclei. Due
to interactions with the hot medium, charmonium dis-
tribution fΨ(p,x, t|b) changes with time which is de-
scribed in the first term at L.H.S of Eq.(1). The sec-
ond term represents leakage effect, where charmonium
with large transverse velocity vT = pT /ET tend to
suffer less suppression by free streaming from the hot
medium, ET = mT =
√
m2Ψ + p
2
T is charmonium trans-
verse energy. When charmonium moving in the QGP,
it may be dissociated by inelastic collisions with gluons,
and the dissociation rate is described by the term αΨ
in Eq.(1),
αΨ =
1
2ET
∫
d3k
(2pi)32Eg
σgΨ(p,k, T )4FgΨ(p,k)fg(k, T ) (2)
where Eg is gluon energy, FgΨ is the flux factor.
fg = dg/(e
pg·u
T − 1) is the gluon thermal distribution
with the degeneracy dg = 16. uµ is four velocity of
the fluid. Due to strong color screening of QGP, the
binding energy of J/ψ is reduced. The difference be-
tween quasifree dissociation (g, q + c → g, q + c) and
photo-dissociation (g + J/ψ → c + c¯) is large at high
temperature [15–17]. However, their values are close
to each other in the temperature region: 0.2 ∼ 0.3
GeV [15]. Therefore, in this temperature region, one
can employ the inelastic scattering cross section be-
tween J/ψ and gluon σgΨ(0) in vacuum [18, 19], and ob-
tain its value at finite temperature with geometry scale
σgΨ(T ) = 〈r2Ψ〉(T )/〈r2Ψ〉(0) × σgΨ(0). The mean ra-
dius square 〈r2Ψ〉 can be obtained by solving Schro¨dinger
equation, with charmonium potential to be its internal
energy V=U [20]. The divergence of mean radius of
2charmonium at T → Td indicates the melting of bound
states. The value of Td(J/ψ) is slightly above the region
where photo-dissociation of J/ψ can be employed. At
T > Td, All charmonium is melt in this approach. Elas-
tic collisions between charmonium and the hot medium
have been checked [21] and found to be negligible for
J/ψ pT -integrated observables.
During the evolution of QGP, uncorrelated c and c¯
from different cc¯ pairs may combine to form a new
charmonium, which is called “regeneration” [15, 22].
The regeneration rate is represented by the term βΨ
in Eq.(1), and it can be obtained from αΨ by detailed
balance [23]. The yield of regenerated charmonium is
roughly proportional to N2cc¯. Therefore at high col-
liding energies as LHC where Ncc¯ is large, the yield
of regenerated charmonium becomes important (even
dominates) in the final yields of charmonium [24–26].
Both initially produced charmonium and regenerated
charmonium suffer suppression in QGP. At LHC col-
liding energies, QGP dominates the charmonium evo-
lution and hadron phase contribution can be neglected.
Charm quark takes some time to reach thermal mo-
mentum distribution, due to its large mass [27]. In
the beginning of QGP evolution, charm quark mo-
mentum distrbution should be non-equilibrium. At
this time, the initial temperature of QGP is much
higher (TQGP > Td(J/ψ)), where charmonium regen-
eration can not happens (all the charmonium is melt at
T > Td). Only when the temperature of QGP drops be-
low Td(J/ψ), the regenerated charmonium can survive.
At the time where charmonium regeneration happens,
charm quark should be closer to the thermal momen-
tum distribution, compared with their initial distribu-
tion. Also, D meson elliptic flow is comparable with
that of light hadrons [28, 29], one can take the ther-
mal momentum distribution of charm quarks in QGP.
The non-equilibrium of charm momentum distribution
will suppress the yields of regenerated charmonium [17].
At forward rapidity bin, the regeneration will be more
suppressed by this non-equilibrium effect. And the de-
creasing tendency of solid line in Fig.3 will be slightly
enhanced.
With the conservation of total number of charm pairs
during the evolution of QGP, its spatial density evo-
lution satisfies the conservation law, ∂µ(ρcu
µ) = 0.
Charm quark initial spatial distribution is obtained by
nuclear geometry,
ρc(xT , η, τ0) =
dσ
pp
cc¯
dη
TA(xT )TB(xT − b) cosh(η)
τ0
(3)
where dσppcc¯ /dη is rapidity distribution of charm pairs
produced in pp collisions, TA and TB are thickness
functions of two colliding nuclei. It is defined as
TA(B)(xT ) =
∫
∞
−∞
dzρA(B)(xT , z), and ρA(B)(xT , z) is
Woods-Saxon nuclear density.
III. COLD NUCLEAR MATTER EFFECTS
Initially produced charmonium is included as an in-
put of Eq.(1). With cold nuclear matter effects, char-
monium initial distribution at τ = τ0 in Pb+Pb colli-
sions is,
f initΨ (x,p|b) =
(2pi)3
ET τ0
∫
dzAdzBρA(xT , zA)ρB(xT − b, zB)
× RPbg (x1, Q
2,xT )R
Pb
g (x2, Q
2,xT − b)
× fpp+cronin
Ψ
(xT ,p, zA, zB|b) (4)
RPbg (x1,2, Q
2,xT ) is the gluon shadowing function
from EKS98 package with transverse coordinate de-
pendence [30, 31]. The relations between char-
monium momentum and (x1,2, Q
2) are x1,2 =
(mT /
√
sNN ) exp(±y), and Q2 = m2T [32]. When two
nuclei collide with each other, gluons may obtain ex-
tra energy by multi-scatterings with nucleons before
fusing into a charmonium. This effect (called Cronin
effect) results in the pT -broadening of charmonium
∆〈p2T 〉 = 〈p2T 〉pA − 〈p2T 〉pp [33]. It can be implemented
by Gaussian smearing over the power-law pT -spectra
from pp collisions [8],
f
pp+cronin
Ψ
=
1
pi∆〈p2
T
〉
∫
dp′2T exp(−
p′2
T
∆〈p2
T
〉
)fpp
Ψ
(|pT − p
′
T |, pz)
(5)
fppΨ is the charmonium momentum distribution in free
proton-proton collisions. ∆〈p2T 〉 = agN · 〈l〉 where 〈l〉
represents the mean nuclear path length before gluons
fusing into Ψ [34], and the coefficient is extracted as
agN = 0.15 GeV
2/fm [26, 35]. For the charmonium
momentum distribution in free pp collisions, it can be
parametrized as
d2σ
pp
Ψ
dypT dpT
= fNormΨ (pT |y) ·
dσ
pp
Ψ
dy
(y) (6)
fNormΨ (pT |y) =
(n− 1)
pi(n− 2)〈p2
T
〉pp
Ψ
(y)
(1 +
p2T
(n− 2)〈p2
T
〉pp
Ψ
(y)
)−n
(7)
with n = 4.0. In this work, I focus on the ra-
pidity dependence of charmonium yield and momen-
tum distribution. The rapidity dependence of charmo-
nium yield is characterized by
dσpp
Ψ
dy (y). f
Norm
Ψ (pT |y)
is the charmonium transverse momentum distribution
at different rapidity, normalized to unit. It depends
on rapidity through the mean transverse momentum
square 〈p2T 〉ppΨ (y). At PHENIX, 〈p2T 〉ppΨ (y) is close to
the form [36]
〈p2T 〉
pp
Ψ
(y) = 〈p2T 〉
pp
Ψ
|y=0 × [1− (
y
ymax
)2] (8)
where ymax = cosh
−1(
√
sNN/(2mT )) is the maximum
rapidity of charmonium in pp collisions. At the max-
imum rapidity, charmonium transverse momentum is
small (close to zero) compared withmΨ, so one can take
the approximationmT ≈ mΨ in the calculation of ymax.
At LHC
√
sNN = 2.76 TeV pp collisions, I also take
this parametrization and 〈p2T 〉ppΨ |y=0 = 10 (GeV/c)2
for J/ψ [37]. Initial distributions of excited states
(χc, ψ
′) are taken the same as J/ψ’s for simplicity.
As charm quarks tend to be thermalized in QGP, fi-
nal charmonium observables are almost not affected
by charm quark initial momentum distribution. From
EKS98 package, shadowing effect roughly reduces the
total yield of charm pairs by around 20%, and this ef-
fect also shows weak rapidity dependence in Pb+Pb
collisions [31].
The initial inclusive J/ψ production cross section
with rapidity in
√
sNN = 2.76 TeV pp collision is mea-
sured by ALICE Collaboration at central and forward
3rapidity regions [37], it is parameterized in Fig.1. Con-
sidering total prompt charmonium yield is about 90%
of the inclusive yield in pp collisions, the cross section
of prompt charmonium can be taken as 0.9× dσ
pp
J/ψ
dy . In
each pT bin, the fractions of non-prompt J/ψ from B
decay contribution can be extracted from [38].
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FIG. 1: (Color online) Differential inclusive J/ψ produc-
tion cross section at
√
sNN = 2.76 TeV pp collisions, fitted
by exponential functions
dσ
pp
J/ψ
dy
= A exp(−yn/(2B2)). Solid
and dashed lines correspond to n = 4 and n = 2 respec-
tively. The parameters A and B are listed in table I. Data
is from ALICE Collaboration [37].
TABLE I: parameters of
dσ
pp
J/ψ
dy
(y) in Fig.1
A (µb) B
solid line 4.42 9.71
dashed line 4.30 2.88
At LHC colliding energies, the yield of initially pro-
duced charmonium are strongly suppressed by QGP
due to color screening and gluon dissociation. The
regenerated charmonium from charm and anti-charm
quark recombination dominates the final yield of J/ψ
in the low pT bins. The yield of regenerated charmo-
nium is roughly proportional to the square of charm
quark density. Therefore different parameterization of
dσpp
J/ψ
dy (y) and
dσppcc¯
dy (y) will result in different shape of
R
J/ψ
AA (y). In order to consider the uncertainties in Fig.1,
I give two scenarios of
dσpp
J/ψ
dy (y) with slowly decreasing
(dashed line) and rapidly decreasing (solid line) tenden-
cies in the region 2 < |y| < 4 (this is the region where
R
J/ψ
AA (y) shows strong decreasing tendency in Fig.3).
Even dashed line seems to fit data better in Fig.1, how-
ever, pQCD calculations indicate that at LHC colliding
energies, the flat region of dσ
pp
cc¯
dy can be as large as |y| < 3
at
√
sNN = 5.5 TeV pp collisions [39], which supports
the solid line in Fig.1. Both situations will be consid-
ered below. I use the same parametrization for charm
pair production cross section, dσ
pp
cc¯
dy (y) = S ×
dσpp
J/ψ
dy (y),
and S is a constant. Only the data of total charm pair
cross section σtotalcc¯ = 4.8
+4.66
−2.76 mb and
dσppcc¯
dy (|y| < 0.5)
(with large error-bar) are available from ALICE Col-
laboration [40]. Lack of more constraint, I fit the J/ψ
nuclear modification factor R
J/ψ
AA (Np) in central rapid-
ity region [26] by setting dσ
pp
cc¯
dy (y = 0) = 0.85 mb,
which is also close to the cross section from FONLL
model [26, 41]. It results in S = 0.85mb/A (A given in
table I).
The inclusive nuclear modification factor of charmo-
nium is defined as
RΨAA(inclusive) =
NΨAA(init) +N
Ψ
AA(rege) +N
B→Ψ
AA
(NΨpp +N
B→Ψ
pp ) ·Ncoll
= RinitAA + R
rege
AA
+ RB→ΨAA (9)
NΨAA(init, rege,B→ Ψ) is the yield of Ψ from (initial
production, regeneration, B hadron decay) respectively
in nucleus-nucleus collisions. NΨpp is the yield of Ψ in
pp collisions. Ncoll is the number of binary collisions
at fixed impact parameter b. In the Eq.(9), all the
denominators of three terms (RinitAA, R
rege
AA , R
B→Ψ
AA ) are
(NΨpp +N
B→Ψ
pp ) ·Ncoll.
In calculations before, transport model successfully
explains the nuclear modification factor RAA for char-
monium [13, 26] and bottomonium [42], and also the ex-
cited state double ratio Rψ
′
AA/R
J/ψ
AA [43] with centrality,
with (2+1)D ideal hydrodynamics and boost-invariant
approximation in longitudinal direction. In this work, I
employ the (3+1)D ideal hydrodynamics [44] and show
the different mechanisms of J/ψ production at different
rapidity regions.
IV. RAPIDITY DEPENDENCE
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FIG. 2: (Color online) The prompt J/ψ nuclear modifica-
tion factor as a function of rapidity for
√
sNN = 2.76 TeV
Pb+Pb collisions. The data is from the CMS Collabora-
tion [38].
In large transverse momentum bin 6.5 < pT < 30
GeV/c, charmonium produced from parton hard scat-
terings at the nucleus colliding time (τ = 0) dominates
4the final total yields of J/ψ. The regenerated charmo-
nium are produced from the recombination of thermal-
ized charm quarks and their transverse momentum is
much smaller (〈pregenerationT (J/ψ)〉 ∼ 2 GeV/c). There-
fore the contribution of charmonium regeneration is al-
most zero in Fig.2 [45]. The line includes both cold
and hot nuclear matter effects. Cold nuclear matter ef-
fects show weak rapidity dependence. For hot nuclear
matter effects, the evolutions of the medium are similar
at different rapidity, due to the boost invariance of the
hot medium in central rapidity region. This results in
a similar charmonium suppression at different rapidity
and so the flat feature of R
J/ψ
AA (y).
The situation is so different when coming to the en-
tire pT bin in Fig.3. Cold nuclear matter effects can
not explain the decreasing tendency of R
J/ψ
AA in forward
rapidity region 2.5 < |y| < 4. Even shadowing effect
shows strong rapidity dependence in p+Pb collisions,
it shows very weak rapidity dependence in Pb+Pb col-
lisions, see the results of EPS09 and nDSg models in
Fig.3. The rapidity dependence of J/ψ observables in
Pb+Pb collisions at LHC energies are mainly caused
by hot medium effects. In pT > 0 bin in Fig.3, char-
monium regeneration contributes more than half of the
final total yields, and the decrease of regenerated char-
monium yields results in the decreasing tendency of
RAA(y).
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FIG. 3: (Color online) The inclusive J/ψ nuclear modifica-
tion factor as a function of rapidity for
√
sNN = 2.76 TeV
Pb+Pb collisions. Theoretical calculations are in centrality
0-90%. Dotted line includes initially produced charmonium
and non-prompt charmonium (B decay), with both cold and
hot nuclear matter effects. Black solid line and black dashed
line are the total yields of charmonium with both cold and
hot nuclear matter effects. They correspond to the cross
sections of solid line and dashed line respectively in Fig.1.
For the black solid line, I also shift
dσ
pp
cc¯
dy
(y) with 10% to con-
sider the the uncertainty of charm pair cross section, which
results in the green color region of RAA. Results of EPS09
and nDSg models are cited from [11]. The experimental
data are from the ALICE Collaboration [11, 46].
Experimental data gives the inclusive J/ψ yield
which includes non-prompt J/ψ from B hadron decay,
and it contributes about 10% to the final inclusive yield
of J/ψ. Instead of calculating each centralities of the
experimental data in Fig.3, I do the theoretical calcu-
lations in centrality 0-90%. The total nuclear modifica-
tion factor is RAA(y) = R
init
AA(y)+R
rege
AA (y)+R
B→Ψ
AA (y),
see Eq.(9). In central rapidity region, the produced hot
medium is boost invariant. This results in a flat ten-
dency of RinitAA(y) in Fig.3, similar with the line in Fig.2.
In forward rapidity region, with rapidity increasing, the
temperature of the medium decreases, and so RinitAA(y)
increases a little with rapidity (dotted line). The charm
pair cross section decreases with rapidity (see Fig.1). It
makes RregeAA (y) decreases with rapidity, and results in
the decreasing tendency of RAA(y) at forward rapidity
region. Here, I give two results of RAA(y) with differ-
ent parametrization of dσ
pp
cc¯
dy (y) and
dσpp
J/ψ
dy (y). The form
of dσ
pp
cc¯
dy (y) = A exp(−y4/(2B2)) decrease slowly with
rapidity in central rapidity region |y| < 2, and decrease
rapidly in forward rapidity region 2.5 < |y| < 4. It re-
sults in the flat tendency of total nuclear modification
factor RAA in central rapidity region, and the strong
decreasing tendency in forward rapidity region. Black
dashed line is for RAA with the charm pair cross section
dσppcc¯
dy (y) = A exp(−y2/(2B2)).
Considering the large error-bar of total charm pair
cross section σppcc¯ (total), I shift
dσppcc¯
dy (y) up and down
with 10% to consider the uncertainty, It results in the
uncertainty of RAA(y) shown as green color region in
Fig.3.
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Shadowing(nDSg)
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cent.0%-100%
FIG. 4: (Color online) The inclusive J/ψ nuclear modifica-
tion factor in pT > 3 GeV/c region as a function of rapidity
for
√
sNN = 2.76 Pb+Pb collisions. Theoretical calcula-
tions are in centrality 0-90%. Black dotted line, dashed line,
solid line and green color region are the same with those in
Fig.3, but in pT > 3 GeV/c. Results of EPS09 and nDSg
models are cited from [11]. The experimental data are from
the ALICE Collaboration [11].
This decreasing tendency of RAA(y) is not so obvious
in the data of the middle pT bin of J/ψ in Fig.4, with
only three data points and relatively large error bar. In
this pT bin, the fraction of B decay contribution in the
final inclusive J/ψ yield is about 15% [38]. In Fig.4,
there is also a flat region of RAA in middle rapidity.
5A small decreasing tendency of RAA in 2 < |y| < 3.5
is caused by the decrease of charmonium regeneration.
As regenerated charmonium is from the recombination
of thermalized charm and anti-charm quarks, they are
mainly distributed in low pT bin. Therefore in mid-
dle pT bin in Fig.4, the decrease of regenerated char-
monium yield only results in a weak decreasing ten-
dency of total nuclear modification factor RAA. In
y ≥ 3.5, temperature of the medium decreases faster
with rapidity, due to the end of boost invariance of hot
medium. This gives less suppression of initially pro-
duced charmonium, and increase the RinitAA(y) a little,
see the dotted line. The competition between the in-
crease of RinitAA(y) and the decrease of R
rege
AA (y) results
in the behavior of RAA(y) in 3 < |y| < 4 region. Green
color region is caused by the uncertainty of dσ
pp
cc¯
dy (y).
With only shadowing effects, RAA are far above the
experimental data, please see Fig.4.
Even the rapidity dependence of prompt and inclu-
sive J/ψ nuclear modification factor RAA are well de-
scribed at different transverse momentum bins, the the-
oretical calculations underestimate the elliptic flow of
J/ψ in Fig.5. In pT > 6.5 GeV/c bin, initially produced
J/ψ dominates the final yield. They are produced
isotropically. However, the hot medium is anisotropic
in centrality 0-60%, and so the suppression of charmo-
nium is different when they move in different directions
in the hot medium. This results in small elliptic flow of
J/ψ. In Fig.5, I employ both smooth (3+1)D ideal hy-
dro (black solid line) and smooth (2+1)D viscous hydro
(red dashed line) for the theoretical calculations. Both
of them underestimate the experimental data. In the
transport model, J/ψ is assumed to move with con-
stant velocity in QGP due to its large mass, this may
underestimate its collective flows in high pT bin. New
mechanism of interactions between J/ψ and QGP may
give additional enhancement of v2 in Fig.5 [47].
0 0.5 1 1.5 2 2.5-0.05
0.00
0.05
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 > 6.5 GeV/c
T
p
ψ Prompt J/CMS Preliminary
2.76 TeV Pb+Pb
FIG. 5: (Color online) The elliptic flow of prompt J/ψ as a
function of rapidity for
√
sNN = 2.76 TeV Pb+Pb collisions.
The black line is for smooth (3+1)D ideal hydro, and red
dashed line is for smooth (2+1)D viscous hydro. The data
is from the CMS Collaboration [48].
In order to distinguish the J/ψ production mecha-
nisms at different rapidity, I also calculate the ratio
of J/ψ mean transverse momentum square in nucleus-
nucleus collisions to that in proton-proton collisions
rAA = 〈p2T 〉PbPb/〈p2T 〉pp. The mean transverse mo-
mentum of charmonium from parton hard scatterings
(charmonium initial production) is much larger. The
regenerated charmonium is from the recombination of
thermalized charm and anti-charm quarks, and so the
mean transverse momentum of charmonium is much
smaller. In central rapidity region of Fig.6, The yield
of regenerated charmonium dominates the final total
yields of charmonium, due to the large charm pair
cross section dσ
pp
cc¯
dy (y). It pulls down the mean trans-
verse momentum square of final total J/ψ, and makes
rAA < 1. With rapidity increasing, the fractions of
charmonium yields from regeneration decrease. This
increases the 〈p2T 〉PbPb. Also, the temperature of hot
medium is smaller in forward rapidity region, which
gives less suppression of charmonium. The fractions of
charmonium initial production increases in final total
yields. Unlike RAA, both of above effects increase the
rAA, which makes rAA more sensitive to the mecha-
nisms of charmonium production in hot medium. In
|y| > 3.8, 〈p2T 〉AA is larger than 〈p2T 〉pp. This is caused
by the leakage effect: charmonium with larger momen-
tum suffer less suppression in hot medium, which in-
creases the mean transverse momentum square of final
total J/ψ in Pb+Pb collisions and makes rAA > 1.
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T
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FIG. 6: (Color online) The mean transverse momentum
square ratio rAA of prompt J/ψ as a function of rapidity
for
√
sNN = 2.76 TeV Pb+Pb collisions. Theoretical cal-
culations are in the centrality 0-90%. Black solid line and
green color region are the same with those in Fig.3.
V. CONCLUSION
In summary, I employ both (3+1) dimensional
Boltzmann-type transport equation and hydrodynam-
ics to calculate the detailed rapidity dependence of
J/ψ nuclear modification factor RAA(y) and the ra-
tio of mean transverse momentum square rAA(y) at
6LHC
√
sNN = 2.76 TeV Pb+Pb collisions. Differ-
ent from p+Pb collisions, in Pb+Pb collisions cold nu-
clear matter effects are almost independent of rapidity.
Hot medium suppression from gluon dissociation shows
weak rapidity dependence, due to boost invariance of
the medium in central rapidity region. Both the strong
decreasing tendency of RAA and increasing tendency
of rAA in forward rapidity region are caused by the
rapid decrease of regeneration contribution. The ratio
of mean transverse momentum square rAA seems more
sensitive to the mechanisms of J/ψ production. The-
oretical calculations explain the experimental data at
high and middle pT bin and also the strong decreasing
tendency of RAA(y) in entire pT bin, but have some
discrepancy with the data of J/ψ elliptic flow in Fig.5.
More precise data and theoretical study are needed to
understand the behavior of heavy flavor in the decon-
fined matter.
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